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1 Abstract 
 
Prokaryotes usually carry a single chromosome. There are also distinct DNA fragments called 
plasmids that have replication potential and a fixed copy number in each cell.1,2 V.cholerae is 
an unusual species that carry second chromosome, which has smaller size than the main one.3 
OriCIvc is an expression for the replication origin of V.cholerae main chromosome and 
OriCIIvc is for the replication origin of V.cholerae second chromosome. E.coli and V.cholerae 
are the members of γ-proteobacteria family, initiation mechanisms of the main chromosomes 
of the species are apparently similar, also the replication origins (OriC for E.coli, OriCIvc and 
OriCIIvc) share similar sequences.4 Since chromosome initiation mechanism of OriCI is well 
known, questions about initiation mechanisms on OriCIvc can also be replied. On the other 
hand, initiation of the second chromosome has a different mechanism. In order to find 
answers about replication mechanism of the second chromosomes, artificially built 
minichromosomes can be used. Minichromosome can be defined as origin of replication 
cloned on plasmids.5 Worthy to notify is that, minichromosomes do not have any fixed 
numbers in each cell and can be replicated only once in the cell cycle.2 
In our experiment, by using DNA cloning methods i.e. plasmid DNA isolation, agarose gel 
electrophoresis, polymerase chain reaction (PCR) and some other microbiological methods 
i.e. transformation of electro competent cells etc. it was aimed to construct new 
minichromosomes manually and to observe the parameters affecting on copy number control, 
in other words, replication mechanisms. 
Further step of this experiment was designated as measuring the copy number distributions of 
minichromosomes by flow cytometric methods. 
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3 Abbreviations 
 
ara- Arabinose 
A1IIg1- ALO 3501- Strain: XL1-blue, plasmid: pOriCII-gfp1, KanR 
A2Ig1- ALO 3502- Strain: DH5αλpir, plasmid: pOriCI-gfp1, KanR 
A3Ig2- ALO 3503- Strain: DH5αλpir, plasmid: pOriCI-gfp2, KanR 
A4IId1g- ALO 3504Strain: DH5αλpir, plasmid: pOriCIId1-gfp, KanR 
DNA- Deoxyribonucleic acid 
DpirIIg1- pOriCIId1-gfp plasmid 
E. coli- Escherichia coli 
gfp- green fluorescent protein 
Kan- Kanamycin 
KanR- Kanamycin resistance 
Ladder 3- Lambda DNA/ EcoRI+HindIII marker, 3: Fermentas - #SM0191 
Ladder 15- Lambda DNA/ Eco91I (BstEII) marker, 15: Fermentas - #SM0111 
LB- Luria Bertani Medium 
NC- negative control 
nm- nanometer 
PC- positive control 
PCR- Polymerase Chain Reaction 
RSB1- RUC 1427, plasmid: pSW29TsacB, KanR (1st tube) 
RSB2- RUC 1427, plasmid: pSW29TsacB, KanR(2nd tube) 
RSB3- RUC 1427, plasmid: pSW29TsacB, KanR(3rd tube) 
TE- Tris EDTA 
V. cholerae- Vibrio cholera 
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4 Introduction 
 
4.1 Vibrio Cholerae  
 
Vibrio cholerae is a slightly curved rod-shaped, facultative anaerobic, gram-negative 
bacterium.6 Vibrio cholerae causes acute intestinal infection. The bacterium produces an 
enterotoxin `choleragen` which prevents working of G-proteins, cAMP increases. Therefore, 
Na+ and Cl- ion transporters do not work, ion imbalance occurs. Severe excretion of water and 
salt leads to death.7 
Vibrio cholerae has two circular chromosomes.8 
 
 
 
Figure1: Vibrio cholerae - image Carnegie Mellon University (2000) 9 
 
4.2 Escherichia coli 
 
Escherichia coli is a rod-shaped, gram-negative bacterium.6 Escherichia coli is 
microorganism which live in the large intestines of animals and humans and is called an 
enteric bacterium. The rod bacterium E. coli lives at 37 °C as optimum so it is called 
mesophile. E.coli is one of the types of gram negative bacteria.10 Furthermore, optimum pH is 
in between 4.5-9 for Escherichia coli.11 
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Figure2: Escherichia coli - image Center for Electron Optics, MSU (1996)12 
 
4.3 DNA replication 
 
Genetic information is transferred from parent to progeny organisms by replication of the 
parental DNA. DNA replication is the basis of biological reproduction and it’s a fundamental 
process in all living cells. The process of DNA replication is semi–conservative, i.e. this 
replication mode each parental single strand is template for the synthesis of one new progeny 
strand. The enzyme DNA polymerase adds nucleotides monomers one by one to the 
synthesized strand. The parental double helix unwinds and the rewinds again into two new 
double helices, each of which contains one original parent strand and one newly formed 
progeny strand. 13 
 
4.4 Minichromosome vs. plasmid  
Plasmids represent the additional genetic material fragment capable of autonomous 
replication in cells. They are found in most bacteria species also in yeast, protozoa and plants. 
Most plasmids are circular, double – stranded DNA molecules with a size from 1 to 200 kbp. 
Certain bacteria plasmids have the ability to transfer themselves physically from one cell to 
another a so called conjugation. A conjugation is a mechanism of horizontal gen transfer 
where genetic information is transferred by cell-to-cell contact. These transfer abilities are 
very important and plays a central role in bacterial evolution. The genes carried by plasmids 
represent a mobile pool of genetic information that can endow the host bacterial cell with the 
ability to grow in otherwise hostile environments. An example of immediate relevance to 
humans is that bacterial antibiotic resistance is often conferred on bacterial cells by plasmid 
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genes. An important property of bacterial plasmids is that they exist in characteristic copy 
number per cell. A central problem faced by all plasmids is the need to coordinate their 
replication with that of the host chromosome, so that they are not diluted by cell reproduction. 
This plasmid replication must also be regulated so that it doesn’t compromise host 
chromosome replication and the life of the cell.2 
The replication of E.coli chromosome is initiated from the origin of replication oriC region. 
Plasmids which are able to replicate themselves with inserted origin of replications are called 
minichromosomes. 
For minichromosome to establish itself in a host it has to replicate exactly the same rate as the 
chromosomal origin with an average copy number of about 10 per chromosomal origin. 
Despite being depend on the same factors for initiation of replication as the chromosomal 
origin the presence of minichromosomes does not lead to any significant changes in the host 
cell. Rather than competing with chromosomal origin, minichromosomes obey the same cell 
cycle control. And they are replicated once during a cell cycle. This behaviour is one major 
difference between minichromosomes and plasmids.2 
Although bacterial plasmids display in different size and copy number, the basic replication of 
a plasmid consists an origin which initiate the replication and one or more elements for 
controlling the frequency of the activation of the replication initiation site. The two basic 
schemes for regulation of initiation are antisense control and iteron control. Neither one of 
those schemes can be applied on minichromosomes. Minichromosomes already contains the 
DNA sequence, the origin itself, which is required for the initiation of the replication. The 
origin function resides in the ability for timely opening of the double helix to allow the 
assembly of the multi-protein replication machinery.2 
Minichromosomes contain all necessary elements for the initiation of the replication. As a 
result of that self managing the initiation minichromosomes are liable to the same control 
mechanisms as the host chromosome ensuring that each origin is initiated once and only once 
per division cycle. This type of replication control is very different from copy number control 
circuits of “real” plasmids. 
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4.5 Further details of Chromosome I and Chromosome II relations 
 
Gram negative bacterium causing severe diarrheal diseases V. cholerae contains two circular 
chromosomes.3 Origins of replication of two chromosomes were defined as oriCIvc and 
oriCIIvc.14 Replication origin of the E. coli chromosome is called oriCI. According to some 
bioinformatical analysis, oriCIvc has apparently similar sequence with oriCI of E. coli which 
is well understood.4 OriCI region of E .coli requires DnaA for starting the initiation. In order 
to ensure stabilization of initiation additional proteins like DnaB and C proteins are needed.15 
There are five DnaA boxes that have high affinity for DnaA bindings; a binding site for a 
protein that has a bending role on DNA called Integration Host Factor (IHF), several sites for 
DNA adenyl methyltransferase (DAM) that regulates the timing of E. coli replication and also 
some AT-rich regions, the origins of strand opening.16 On the other hand, oriCIIvc and oriCI 
don’t have sequential similarity.17 Minichromosomes, containing oriCII regions have 
apparently high copy numbers varying from 8 to 10 in cells. They have little effect on growth 
and they are lack of incompatibility with host chromosomes.2 Besides the sequential 
difference, oriCIIvc has some common regions with oriCI such as DnaA boxes, IHF regions, 
At-rich region and some sites for Dam methyl transfer. More specifically they contain a 
conserved gene rctB that encodes origin binding protein and untranslated RNA coding gene 
rctA. It is worthy to notify that DnaA and Dam methyltransferase are common replication 
factors regulating the replications of two chromosomes at the same time.18  In other words, as 
minichromosomes resembles as replicons of plasmids, they have additional genes affecting 
replication control mechanism.19  
Although minichromosomes are apparently smaller than basic chromosomes in the cell, 
initiations and terminations of replications of two chromosomes occur at the same time, with 
specific common regulations. Thus it can be expressed that replications of minichromosomes 
occur once and only once in the cell cycles .3 
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Figure 3: Big circles representing basic chromosomes and small ones representing second chromosomes. It is seen that while initiations of 
both chromosomes occur at the same time replication of second chromosomes are delayed and terminations occur at the same time again.20 
 
 
4.6 Genetic exchange in prokaryotes  
 
There are three mechanisms of genetic exchange known in prokaryotes. Transformation is a 
process that one cell takes DNA released by another cell, transduction is transferring donor 
DNA by a virus, and conjugation is transferring a plasmid by cell-to-cell contact.21 
Transformation is a process that recipient cell takes free DNA from environment. A number 
of prokaryotes are naturally-transformable. If a cell which is capable of taking up DNA and 
transforming, the cell is called competent. Competent cells has specific membrane associated 
DNA-binding proteins or a cell wall autolysin or various nucleases such as Acitenobacter, 
Azotobacter, Bacillus, Streptococcus, Hemophilus, Neisseria, and Thermus. Conversely, 
many prokaryotes are poorly transformed such as Escherichia coli. Many other gram-negative 
bacteria are also poorly transformed. Nevertheless, E. coli becomes transformable with high 
concentration calcium ions treatment and chilling for several minutes afterwards.22 E. coli can 
also be transformed by electroporation. 
 
4.7 Agarose Gel electrophoresis  
 
When a molecule is placed in an electric field it will migrate to the appropriate electrode. 
Under physiological condition the phosphate groups in the phosphor – sugar backbone of 
DNA are ionized, these poly anions will migrate to the positive electrode. 
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The Agarose gel electrophoresis technique is a simple, rapid method to analyse DNA 
samples. Agarose is a branched polysaccharide which forms long chains with a molecular 
weight of approximately 120000 Daltons. Long polymer chains contain small amounts of 
charged resides, consisting largely of pyruvate and sulphate. These residues are responsible 
for Agarose properties that are important in its use in gel electrophoresis. During 
electrophoresis only hydrate positive can move towards the negative electrode.13 
 
4.8 Green fluorescent protein  
 
The green fluorescent protein (GFP) is a protein which was originally isolated from the 
jellyfish Aequorea victoria. GFP is a remarkable stable protein, resistant to proteases and 
denatured only under extreme conditions. GFP has an absorption peak at a wavelength of 
about 395 nm. In cell and molecular biology, the GFP gene is frequently used as a reporter of 
expression. The unique fluorescence of green fluorescence protein allows the expressed 
protein to be fused to other domains creating a chimeric protein with a fluorescence tag that 
can be measured.22 
 
5 Materials and Methods 
 
5.1 Strains and Plasmids 
 
All strains are E. coli which summarized below that was used in our experiment. 
ALO 7 
Strain: MC 1000 
ALO 2212 
Strain: DH5αλpir 
ALO 3501 
Strain: XL1-blue, plasmid: pOriCII-gfp1, KanR 
ALO 3502 
Strain: DH5αλpir, plasmid: pOriCI-gfp1, KanR 
ALO 3503 
Strain: DH5αλpir, plasmid: pOriCI-gfp2, KanR 
ALO 3504 
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Strain: DH5αλpir, plasmid: pOriCIId1-gfp, KanR 
RUC 1427 
Strain:, plasmid: pSW29TsacB, KanR 
 
5.2 Apparatus 
 
Transformation: MicroPulser from Bio-Rad 
Spectrophotometer:  UV-VIS spectrophotometer UV- mini 1240, Shimadzu 
Electrophoresis constant power supply: ECPS 3000/150, Pharmacie Fine Chemicals 
PCR-machine: GeneAmp PCR system 2700, Applied Biosystems 
 
PCR machine programme for plasmid with taq polymerase 
94oC 3 minutes (once) 
94oC 30 seconds 
50oC 30 seconds 
72oC 2.5 minutes (These three steps are repeated in 30 cycles) 
72oC 7 minutes 
4oC ∞ 
PCR machine programme for plasmid phusionpolymerase 
98oC 30 seconds (once) 
98oC 10 seconds 
60oC 30 seconds 
72oC 1.5 minutes (These three steps are repeated in 30 cycles) 
72oC 10 minutes (once) 
4oC ∞ 
PCR machine programme for ligation: 
30oC 30 seconds 
10oC 30 seconds 
30oC 30 seconds (These three steps were repeated in 99 cycles) 
65oC 10 minutes 
4oC ∞ 
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5.3 Reagents 
Ligase: 
T4 ligase: FINNZYMES – F510 MG 
 
Polymerase: 
Phusionpolymerase: FINNZYMES – F518 
 
Restriction enzymes: 
NotI: Fermentas - #ER0051 
BamHI: Fermentas - #ER0591 
Restriction buffer 10x Orange 
Restriction buffer 10x Tango 
Restriction buffer 10x Green 
 
Primers: 
RctA: TTC CTT GGA AGC GGC CGC TCA CTT ATT TAC AAT GTA AAG CCA C 
Bold nucleotides are belonging to NotI side. 
50nBam: AAG GAA AAG GAT CCT TGG TGG TTT TGG CGC G 
Bold nucleotides are belonging to BamHI site. 
Bold sides were expressed because of the Restriction Digest technique that was used in 
another step of this experiment. 
 
DNA markers: 
Lambda DNA/ Eco91I (BstEII) marker, 15: Fermentas - #SM0111 
Lambda DNA/ EcoRI+HindIII marker, 3: Fermentas - #SM0191 
 
Kits: 
High Pure PCR Product Purification Kit: Roche Applied Science – 11732676001 
High Pure Plasmid Isolation Kit: Roche Applied Science – 11754785001 
 
Growth media: 
LB-media 
LB-plates include 10g Agarose per liter. 
LB-plates include 50µg/ml Kanamycin. 
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LB-plates include 10g Agarose per liter and 2% Arabinose and 50µg/ml Kanamycin 
 
Antibiotics: 
Kanamycin: 50mg/ml 
 
5.4 Procedure 
 
5.4.1 Plasmid Isolation and Purification: 
 
DNA isolation is an essential technique in molecular biology. DNA isolation is the first step 
in study of specified DNA sequences within a complex DNA population and in the analysis of 
genome structure and gene expression. In prokaryotic cells, DNA is localized in the nucleoid 
that is not separated from the rest of the cell sap by a membrane. The purpose of DNA 
isolation is to separate DNA from all of the other compounds in the cell. There is no difficulty 
in separating DNA from small molecules due to the weight of DNA is very large. 
This method is be used for isolating of up to 15 µg purified plasmid DNA from bacterial 
cultures. This plasmid DNA could be used for several applications, like: Restriction enzyme 
digestion; PCR; cloning; sequencing; in vitro transcription; or labelling reactions. 
Plasmid DNA is isolated by using alkaline lysis. The special Lysis Buffer contains NaOH and 
SDS. Those two components denature DNA. But just plasmid DNA is renaturated by using 
Buffer 3 which neutralise the high salt concentration. Chromosomal DNA does not recover so 
the plasmid DNA is isolated. 
We used the existing procedure for the Roche High Pure Plasmid Isolation Kit of the lab. 
Inoculate cells into LB medium supplemented with Kanamycin. Grow the cells overnight at 
37 °C while shaking. Transfer cells into 1,5 ml Eppendorf tube. Collect the cells by 
centrifugation for 10 minutes at 14000 rpm at 4 °C. Discard the supernatant. Resuspend the 
cell pellet with 500 µl. Now the sample (gently resuspended in 250 µl Suspension Buffer 
RNAse) is put for 30 seconds into a centrifuge at 9000 rpm. Afterwards the supernatant get 
discarded and the pellets are gently mixed with 250 µl Lysis Buffer and incubated at room 
temperature for 5 minutes.The next Buffer (350 µl chilled Binding Buffer) is added and 
mixed gently. The sample is incubated once again but this time on ice for 5 minutes. After 
those 5 minutes the sample is centrifuged again (for 10 minutes at maximum speed). Now the 
supernatant is transferred to a High Pure filter tube and the pellet will be discarded. This tube 
(it has two chambers divided by a membrane) is to put in the centrifuge for 30 till 60 seconds 
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at maximum speed. The flowthrough is discarded and we are adding 500 µl Wash Buffer I. 
Afterwards the tube is centrifuged at 13000 g for 1 minute. The flowthrough is discarded and 
500 µl of Wash Buffer II is added. Now the centrifuge is used twice, each time for 1 minute at 
13000 g. After each procedure the flowthrough is discarded. The final step is to add 100 µl 
Elution Buffer and use the centrifuge at 13000 g for 1 minute. Now the flowthrough is the 
purified Plasmid DNA. 
 
5.4.2 Restriction 
 
Restriction enzymes are endonucleases which recognize a specific sequence in the double-
stranded bond of the DNA, and cut it at this site. Restriction enzymes are often called as 
molecular scissors. 
 
1. Mix 2 µl 10x recommended buffer, 17 µl of your DNA sample and 1 µl of the 
restriction enzyme in an 1,5 ml Eppendorf tube gently together and spin it down. 
2. Incubate the mixture for at least 2 hours at 37°C. 
3. With the Agarose gel electrophoreses you can check if the digestion was successfully. 
 
 
5.4.3 Agarose Gel electrophoresis  
 
Preparation of the casting tray → Preparation of gel → Pouring gel → loading samples → 
Electrophoresis → tracing gel using UV → imaging gel 
 
1. Prepare 1000 ml of 1x TBA Buffer by adding 100 ml 10x TBA stock solution to a 
final volume of 1000 ml of MilliQ water. 
2. Place 100 ml of the buffer into a 500 ml conical flask and add 0,75 g Agarose. Melt 
the Agarose by heating the solution in a microwave oven for approximately 3 – 5 
minutes. Ensure that the Agarose gel is dissolved by shaking. Adjust volume to 75ml 
by adding MilliQ water. 
3. Cool the Agarose solution to approximately 50 °C and add 7,5 µl ethidium bromide. 
Get rid of the air bubbles. 
4. Place the comb in the form and pure the solution into the casting tray. Wait until the 
Agarose gel gets stiff. After the Agarose has solidified, remove the comb. 
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5. Replace the Agarose gel into the gel electrophoresis apparatus.  
6. Add 1x TBA buffer to the buffer chamber until it reaches the required level, 
approximately 0,5 cm above the gel surface. 
7. Load the samples into the wells 
a. Add in the first well 2 µl of a DNA ladder 
b.  Add in the other wells 2 µl of the investigated sample and 2 µl of loading 
buffer. 
8. Place the lid on the gel box and connect the electrodes. DNA will travel towards the 
positive electrode. The voltage has to adjusted to 130 V. Wait for approximately 45 
minutes until the tracking dye moves at least to the half of the length of the gel. 
9. Turn of the power supply and remove the gel from the electrophoresis chamber. Trim 
the gel to the desired size. 
10. Place the gel on a UV lamp and take a picture of the DNA bands. 
 
5.4.4 Polymerase chain reaction(PCR) 
 
PCR is basically used for obtaining high amount of DNA from the desired gene. For targeting 
specific sides of the genes primers were used to start copying which is done by polymerases. 
There are three major steps during the copying process. For those steps, a machine that would 
provide the fluctuation of the heat and repeat some steps from 30 to 40 cycles, is needed.23 
Major steps of PCR:24 
Denaturation: High temperature breaks the bonds between strands and all enzymatic 
reactions stop. 
Annealing: Primers locate on the target side of the single stranded DNA and produce little 
piece of double stranded DNA. Hence DNA polymerase can stick these double stranded sides 
and start copying. 
Extension: At the ideal temperature for polymerases, they can add dNTP’s (nucleotides) from 
5’ to 3’ to the template and extension occurs. 
During the PCR, because both strands are copied, there is an exponential increase on the 
target of the template gene. 
In this experiment Taq polymerase and Phusion were used as DNA polymerases. 
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For 20µl PCR mixtures: 
2µl Taq Buffer 
0.5µl of each 10µM primer 
0.5µl 10mM dNTP 
0.48µl 25mM MgCl2, 
Approximately 12.5µl of Mili-Q water 
0.5µl Taq Polymerase 
1µl template  
PCR with Phusion procedure: 
 
For 20µl PCR mixtures: 
4µl 5xHF Phusion Buffer 
0.4µl 10mM dNTP 
1µl of each 10µM primer 
12.4µl Milli-Q water 
0.2µl Phusion  
1µl of template 
 
pOriCII-gfp1 and pOriCIId1-gfp plasmids were used as templates since they contain OriCII 
regions on which plasmids can attach. PCR machine programme was shown in materials and 
methods part’s apparatus section. 
In this experiment, the reason why different types of PCR procedures were followed is 
depending on the features of Phusion DNA polymerase. As this enzyme has low error rate and 
higher speed in comparison to Taq polymerase, many PCR was carried with Phusion.25 
After PCR oriCII containing PCR product was obtained, in order to be used in ligation. 
 
5.4.5 PCR Product Purification: 
 
In this case a filter-based purification system is used. Those are using quick and reliable 
methods. 
The filter inside a tube binds selectively DNA/RNA. The DNA/RNA is cleaned by the Wash 
Buffer 2 times. After that the DNA/RNA is purified enough and it is dissolved by the Elution 
Buffer to gain the purified PCR Product. 
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The first step of the purification is to mix 100 µl PCR Product with 500 µl Binding Buffer in a 
High Pure filter tube. The mixture is centrifuged at maximum speed for 30 till 60 seconds. 
The flowthrough gets discarded and 500 µl Wash Buffer is added to the tube. Then it is 
centrifuged by 13000 g for 1 minute. 
The flowthrough gets discarded and 200 µl Wash Buffer is added to the tube. Afterwards the 
tube is getting centrifuged again at 13000 g for 1 minute. 
After the flowthrough is discarded for the last time, 50-100 µl Elution Buffer is added on top 
of the membrane. The centrifuge is used one last time at 13000 g for 1 minute. Now the 
flowthrough is the purified PCR product.26,27 
 
 
5.4.6 Ligation 
 
Recombination of two DNA fragments in order to obtain new and useful DNA molecules can 
be used for various beneficial purposes. Ligation is an incident that two linear DNA 
fragments were joined together with covalent bonds by a specific enzyme called ligase.28 
In this experiment a ligase called T4 ligase was used. T4 Ligase is obtained from T4 
bacteriophage infected E.coli. This enzyme requires 3’ hydroxyl group and 5’ phosphate group 
in order to seal the nicks on the duplex DNA. T4 Ligase uses ATP as cofactor; therefore 
ligase buffers should contain ATP. For high efficiency on ligation, optimized circumstances 
are needed. For example temperature has an essential role on ligase as an enzyme. 16oC was 
observed as the most efficient value for T4 ligase. There is also one parameter that affects 
ligation efficiency that DNA concentration. In ligation there are two components of DNA: 
vector and the insert. For relatively higher efficiency insertion concentration should be higher 
than the vector. In other case, since the insert concentration is lower than the vector, vector 
would start circulation by themselves. In contrary, there is another risk if insert concentration 
was higher, that it is multiple insertions. Therefore molar ratio should be around 1:1.29,30
 
In ligation procedure, fluctuating temperature is a mile stone. Stability between enzyme 
activity and newly stuck DNA has a crucial role for ligation products. Normally 12-16oC is 
described for the best efficiency. Temperature should be high enough for enzyme activity and 
low enough for the DNA integrity. Thus it is hard to ensure balance between temperatures. In 
some experiments, temperature fluctuating cycles were tried. Ligation reactions were 
followed between 30 s at 10oC and 30s at 30oC during 12-16 hours. And depending on the 
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cohesive or blunt end reactants 4 to 8 folds efficiency was obtained. Therefore we used low 
temperature for good cohesive end annealing, high temperature for good enzyme activity .31 
 
Ligation procedure that was used in this experiment: 
1µl 10x Ligase Buffer 
0.5µl Ligase  
2µl insert (PCR product) 
6.5µl vector 
 
Temperatures were fluctuated over the optimized heat for ligase and 10minutes at 65oC 
helped to denature the enzyme for storage of the samples and the programme of running 
ligation was shown in apparatus section of materials part. 
In ligation, oriCII region containing PCR product was used as insert that was added into 
restricted RucSacB vector. 
 
 
5.4.7 Preparation of electro competent cells 
 
The E. coli DH5αλpir strain was transformed by electroporation. First 2ml of overnight 
culture was inoculated in 100 ml LB until cells grow to mid-log phase (OD600= 0.6-0.8). For 
measuring OD, spectrophotometer was used. Every 30 minutes OD of the cell culture was 
measured. When OD was in between 0.6 and 0.8, cells were chilled on ice. Furthermore, all of 
equipments were kept cold. 6*8ml cells were centrifuged for 5 minutes at 10000g at 4ºC. 
Then cells were resuspended with 6*8 ml ice cold sterile water. Cells were centrifuged at 
7000g for 4 minutes. These last two steps were repeated. After discarding supernatant, cells 
were resuspended with 1ml 10% glycerol in each tube. Then solutions were combined into 
two tubes. These tubes were centrifuged for 5 minutes at 7000g again. After supernatant was 
discarded from tubes, 0.5ml 10% glycerol was added to first tube. Cells were resuspended and 
this solution was added to second tube. Cells were again resuspended. 7*65µl cells were 
stored in 1.5ml eppendorf tubes at -80 ºC. 
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5.4.8 Transformation (Electroporation) 
 
First electroporation cuvettes and lids were washed with water and alcohol and put into 
incubator at 42ºC for 20 minutes for evaporation of alcohol. Cells were taken from -80 ºC and 
kept on ice. Ligation product was used for electroporation. E. coli XL1-Blue (pOriCIId1-gfp) 
plasmid was used as positive control. Negative control of ligation was also used. 1µl of each 
DNA was put in three different eppendorf tubes. 30 µl electro competent cells were added to 
three tubes. After mixing, they were left on ice for 1 minute. Cuvettes were also taken from 
incubator and kept on ice. Thawn cells and DNA mixture was transferred 0.2cm 
electroporation cuvette. Air bubbles were controlled, and there was no air bubble. Outside of 
cuvette was dried. It was electroporated with 2.5kV, 25µF, 200Ω in a 0.2cm cuvette. Time 
constant was 5msec. 1ml LB medium was added immediately after and transferred to a test 
tube. These were applied for positive control and for negative control of ligation. Besides 
these electroporation products, 30 µl electro competent cells were just put into a test tube for 
negative control of electroporation. Tubes were put in water bath at 37 ºC for 2 hours. 
Moreover, cells were centrifuged at 7000g for 5 minutes. After discarding 800 µl supernatant, 
they were resuspended with rest. They were spread on kanamycin included plates.   
 
6 Results 
 
In our experiment, basically we followed a procedure in order to be able to observe the effects 
of newly constructed DNA (minichromosome) on the host strain. pSW29T is the main 
plasmid that OriCIIvc region was cloned on. Replications of plasmids that carry R6K gamma 
origin of replication such as pSW29T require pir gene encoded pi protein.32 Thus pir gene 
expressing strains can be the main hosts for R6K gamma originated plasmids. Here it is so 
important to express that DH5αλpir is a Gram-negative E.coli strain that carries pir gene and 
ensures replication possibility for R6K gamma originated plasmids.33 This is also the reason 
why pSW29T can not be replicated in MC1000 that is lack of pir gene unless OriIIvc region is 
cloned on. In other words, pSW29T can be replicated as a plasmid in DH5αλpir and can only 
be replicated when it is built as minichromosome in MC1000. Moreover expression of rctB 
gene is required for the OriCIIvc region carrying minichromosomes. Although E.coli is lack of 
this gene, minichromosomes that carry this gene with 414bp deletion in 3’ end, manage to 
replicate in E.coli. So what was the maximum deletion amount that can be applied on rctB 
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gene while the gene was still working? We tried to find the answer with increasing deletion. 
For this point of view we cloned 2454 bp PCR product encoding the oriCIIvc region with 
more deleted rctB gene into pSW29T. Unfortunately we could not analyse rebuilt 
minichromosomes after applying several methods on them. Therefore we could not follow 
flow cytometric methods that are the next steps of our experiment theoretically.  
 
6.1 Plasmid Isolation: Obtaining vector for the cloning and plasmid that can be used as 
template in PCR 
 
The first step our investigation was to isolate the plasmid out of our E.coli strains. That is to 
separate the DNA from the rest of the cell. It shows how many base pairs are in each strain. 
 
 
 
 
 
 
 
Figuıre 4 Isolated plasmids 
 
In this case lane 2, 5 and 9 seemed that they have same size. A1IIg1, A4 IId1g and DpirIIg1 
are OriCIIvc based pSW29TsacB plasmids. Therefore they all have approximately 7-10000 
base pairs. 
Lane 3 and 4 showed the same sizes of plasmids. A2Ig1 and A31g2 are OriCIvc based 
pSW29TsacB plasmids. Therefore they all have approximate amounts of base pairs. 
Lanes 6 to 10 are pSW29TsacB plasmids and they consists of approximately 4000 base pairs. 
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6.2 Restriction: Plasmid cutting step 
 
 
 
We used BamHI and NotI as restriction enzyme. Both of the enzymes only cut once our 
plasmid. Picture 2 shows the two cutting sides. The vector has without cutting 3873 base 
pairs. After the restriction there are still 3861 base pairs left. 
 
 
Figure 5: Cutting Sides of the psW29TsacB vector 
 
The oriC II region includes 4172 base pairs. So after ligation there should be a circular DNA 
including most of the vector and the whole oriC II region. This should have a size about 8000 
base pairs. 
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Figure 6: Restricted plasmids 
 
This restriction was just for testing how effective the restriction enzymes PVU II and EcoR I 
are working on these plasmids. 
The PVU II cut the plasmids of A1 II, A2 II, A4 II, and Dpi 4. Especially on the A4 II and 
Dpi 4 it is seen that PVU II cut those many times. 
The other plasmids were cut with EcoR I. There it is possible to see that it just cut three times. 
So there are three bands seen on the gel electrophoreses picture. 
 
 
6.3 Polymerase chain reaction(PCR): Having inserts for the cloning 
With the PCR we wanted to try to amplify the oriCII region of our minichromosome. Firstly 
sample was run in PCR. ALO3501 was used as oriCII supply as strain contain oriCII region 
in the plasmids pOriCIIgfp1. rctA primers contain NotI side and 50nBam primers contain 
BamHI side respectively. Thus we would be able to cut our vector with these restriction 
enzymes. PCR procedure and Phusion PCR machine programme was followed. Afterwards, 
2µl of PCR product and 2µl of Lambda DNA/EcoRI+HindIII Marker, 3 were run on %1 
agarose gel with 130V 45 minutes.  
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Figure 7: (1) Lambda DNA/EcoRI+HindIII Marker, 3 (2) Trial PCR product of pOriCIIgfp1 on 1% agarose gel. 
For comparison, scale of Lambda DNA/EcoRI+HindIII Marker, 3 is also seen on the right side. 
 
PCR product located in near the second cluster of the bands from the top. Thus according to 
the pictures it was observed that oriCII region is between 4800 and 4300 base pairs.  
Next step was obtaining PCR products from an oriCII containing plasmid, with exact 
amounts. Three eppendorf tubes of isolated ALO3501 plasmids were used in the gel with 2µl 
volume and 2µl of Lambda DNA/EcoRI+HindIII Marker, 3 was run on 1% agarose gel with 
130V at the same time for 40 minutes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 24 
 
 
 
     
Figure 8: (1) Lambda DNA/EcoRI+HindIII Marker, 3 (2,3,4) Exact PCR product of  pOriCIIgfp1on 1% agarose 
gel. For comparison, scale of Lambda DNA/EcoRI+HindIII Marker, 3 is also seen on the right side. 
 
All three samples were observed at the same horizontal level of fifth and sixth bands of 
marker. Estimated size of oriCII region of pOriCIIgfp1 plasmids were between 4822 and 
3675 depending on the pictures above. Besides the darker lines, there were three unclear 
bands at the same levels. These were thought as primers. 
 
6.4 PCR Product Purification: 
 
PCR purification step followed PCR section. High Pure PCR Product Purification Kit and the 
procedure of purification (see methods part) were applied and 2µl of product was run on 1% 
agarose gel with 2µl of Lambda DNA/EcoRI+HindIII Marker, 3 for 45 minutes (with 130V).  
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Figure 9: (1) Lambda DNA/EcoRI+HindIII Marker, 3  (2) Purified PCR product of  pOriCIIgfp1 plasmid For 
comparison, scale of Lambda DNA/EcoRI+HindIII Marker, 3 is also seen on the right side. 
 
After purification we managed to obtain bright band at the same level with unpurified PCR 
product. It was also seen that size of purified PCR product was not affected by purification 
steps. 
 
 
6.5 Ligation: Obtaining OriCIIvc contaning minichromosomes 
 
DNA ligase is a special type of ligase that is able to link two DNA fragments together. We 
want to recombinant the OriCII region, which was amplified during the PCR with our 
pSW29TsacB DNA sequences, which we double digest with, the restriction enzyme BamHI 
and NotI. All the procedure can be looked up in the method part. In the ligation step we also 
prepared a negative control which includes restricted plasmid but not PCR product. 
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Figure 10: Mechanism for ligase scheme 
The recombined DNA was now inserted by electroporation into the DH5αλpir strain. For the 
DNA transfer we needed electrocompetent cells which we prepared as described in the 
method part. We re-striked the cells on petri plates containing Kanamycin and Arabinose, 
after the incubation overnight we could observe 6 colonies. DH5αλpir cells don’t have a 
Kanamycin resistance so the plasmid transfer has to be doing well.  
 
To check if the ligation was successfully we isolated the plasmid from the colonies by using 
the plasmid isolation protocol.  
 
 
Figure 11: Isolated post ligation plasmid 
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The picture above shows the isolated plasmid of the post ligation products with a bandwidth 
of approximately 4 kbp. Although we observed Kanamycin resistance it seems that the 
ligation wasn’t successful.  
 
 
 
To see if our suspicion that the ligation wasn’t working that well we now used two simple test 
methods. First of all we tried to make a PCR of our post ligation cells with RctA and Bam as 
primer. 
 
→ 1 µl template 
→ 2 µl tag buffer 
→ 0,5 µl 10mM primers 
→ 0,5 µl dNTP 
→ 0,48µl 25mM MgCl2 
→ 15 µl H2O 
→ 0,5 µl tag polymerase 
 
All the components now were running in the PCR machinery with the program for ligation. 
Also normally OriCIIvc containing plasmid were running as positive control, plus a negative 
control that is lack of template. 
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Figure 12: Results of the electrophoresis the PCR product 
 
 
 
Our PC (positive control) was a plasmid which contains oriCII region. 
As the gel electrophoresis shows we can’t obtain the expected results. Only the positive 
control was able to build a DNA sequence. 
The second test method was using restriction enzymes. If the ligation worked as we wanted 
we should be able to cut the isolated post ligation plasmid with BamHI and NotI into two 
DNA fragments with around 3 kbp and 4 kbp. 
 
  
Figure 13: Restriction of the post ligation products 
 
As the picture shows after the restriction we only obtain a sing DNA band. This means that 
there is obviously a problem with the ligation product. 
 
Additional Observations: 
In our experiment unfortunately we didn’t manage to apply flow cytometric measurements. 
However, after we had made the electroporations of both electrocompotent MC1000 and 
DH5αλpir strains with pOriCIIgfp1 (gfp tagged OriCII region carrying plasmid) we observed 
the plates under green fluorescent light and found out that the green light reflecting from  
DH5αλpir colonies are brighter than MC1000 colonies. It was thought that the replication 
frequency differences between minichromosomes (in MC1000) and plasmids (in DH5αλpir) 
ended up with light intense difference between colonies. In other words, since 
minichromosomes are replicated once in cell cycle but plasmids control their own replications 
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mechanisms, colonies with plasmid carrying strain had more expressed gfp proteins than 
colonies with minichromosome carrying strain. 
 
 
 
7 Discussion 
 
7.1 Plasmid Isolation and Purification: 
 
Plasmids were obtained with several sizes. 
 
7.2 Restriction 
 
The BamHI (recognition sites: 5’ G^GATCC 3’; 3’ CCTAG^G 5’) and NotI (recognition 
sites: 5’ GC^GGCCGGC 3’; 3’ CGCCGG^CG 5’) are used as restriction enzymes because 
those are cutting the plasmid in a way that it does not loose too many base pairs (and the 
including functions) and that the resulting sticky ends fit to the of the oriC II fragment (also 
cut with BamHI and NotI) that should be inserted. 
The vector has without cutting 3873 base pairs. After the restriction there are still 3861 base 
pairs left. 
The oriC II region includes 4172 base pairs. So after ligation there should be a circular DNA 
including most of the vector and the whole oriC II region. This should have a size about 8000 
base pairs. 
 
7.3 Polymerase chain reaction(PCR) 
 
Pictures of trial version of PCR and PCR with real samples showed that pre-designed primers 
managed to attach the template DNA and they produced products. Primers attached their sides 
and product enclosed oriCII region. The size of oriCII region that could be observed from the 
pictures was around 4500bp and literally it is 4875bp [14]. 
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Figure 14: Linearized oriCII region was drawn with the programme Vector NTI Advance 10. It is seen that 
region consists of 4172 base pairs 
 
7.4 PCR Product Purification: 
 
Purification picture was parallel with PCR picture about the size as we expected. Purification 
was needed in order to get rid of primers, buffer and degenerated enzymes however it 
contains a risk of loosing DNA. Fortunately on the gel electrophoresis DNA band was bright 
and thick enough to continue next steps with purified PCR product. 
 
7.5 Ligation 
 
Although we got some colonies after restriking the transferred ligation product into DH5αλpir 
cells which indicate us that at least the electroporation was successful. It seems that 
something went wrong during the ligation. Perhaps it would be the best to check the ligation 
product by running on gel. 
 
Further Discussion: 
Technically we proved that our electroporation was successful. In contrast, according to PCR 
and restriction digest tests, our ligation failed. If all the steps of our investigation were 
successful, we would be able to have plasmid containing OriCIIvc region. Therefore we could 
see if deleted rctB gene was still working in E.coli strain DH5αλpir. In addition we could also 
follow flow cytometric measurements in order to obtain copy number distributions of 
minichromosomes. 
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